stalks. Similar results were reported by Bhardwaj et al. (1996) for kenaf consumption by goats (Capra hicus).
with increasing plant age have been reported by Muir silage, but kenaf crude protein production was higher than corn silage (2001) , Swingle et al. (1978) , Webber (1993) , Phillips et has potential as both an irrigated or dryland crop in the central (1996) . Changes in kenaf CP with water availability have Great Plains.
not been documented in the literature. Phillips et al. (1999) reported 3-yr average DM yields of 8644 kg ha Ϫ1 at 101 DAP with about 200 mm of T he traditional wheat-fallow dryland production growing season precipitation. Unfortunately, the irrigasystem of the central Great Plains is gradually being tion amounts applied were not clearly specified. They replaced by cropping systems that include other crops.
concluded that harvesting kenaf at 70 to 80 DAP would The diversification of crops includes corn, proso millet optimize digestibility and N concentration of the stalks (Panicum miliaceum L.), sunflower (Helianthus annuus and maximize the proportion of leaf DM in the whole L.), and forage and seed legumes (Anderson et al., 1999; plant. Dicks et al. (1992) stated that the optimum growth Peterson et al., 1996; Nielsen et al., 1999; Nielsen, 2001;  period for kenaf to produce maximum leaf/stem ratio Vigil and Nielsen, 1998) . Another potential forage crop and highest quality forage was 60 d. Webber (1993) to diversify cropping systems in this region may be reported 2-yr average kenaf yields in Texas of 4764 kg kenaf.
ha Ϫ1 , with 404 mm of precipitation from planting to 76 Kenaf is a warm-season annual that, when mature, DAP, and 7512 kg ha Ϫ1 , with 476 mm of precipitation can produce fiber for rope, carpet backing, and paper. from planting to 99 DAP. In that study, whole-plant CP Kenaf could provide a high-protein forage for integrated was found to be much lower than in many other reported crop-livestock operations without the multiyear comstudies (60-80 g kg Ϫ1 ). Muir (2001) in central Texas mitment of land and resources required of alfalfa (Medfound a strong kenaf DM increase in response to inicago sativa L.). Some studies have been done showing creased growing season precipitation, but the producthe forage characteristics of immature kenaf and demtion function was not calculated. In that study, 2359 kg onstrating its feasibility as a potential livestock feed. ha Ϫ1 was produced after 90 d of growth in a dry year Phillips et al. (1996) [N-ethyl- tion. Phillips et al. (1996) reported NDF concentrations N-(2-methyl-2-propenyl)-2,6-dinitro-4-(trifluoromethyl) low-gradient sites, four high-gradient sites, and four fully irriand ability of postharvest residue to protect the soil gated sites). Only 9 of the 16 sites were available for measurefrom wind erosion. Additionally, the forage productivity ment in 1998 following partial loss of stand due to a lateof kenaf relative to corn silage was evaluated.
spring frost (6 June) and insect damage the second week of June (insect not identified). Irrigations were generally applied
MATERIALS AND METHODS
in the evening when wind speeds were low to minimize differences in water application across the two gradient irrigation Studies were conducted with kenaf ('Everglades 41') during areas. the 1997, 1998, and 1999 growing seasons at the USDA Central Water use (evapotranspiration) was calculated for each plot Great Plains Research Station, 6.4 km east of Akron, CO by the water balance method using soil water measurements (40Њ09Ј N, 103Њ09Ј W; 1384 m). The soil is a Weld silt loam and assuming runoff and deep percolation were negligible (fine, smectitic, mesic Aridic Argiustolls). Before planting, the plot area was tilled twice with a sweep plow equipped with (plot area slope was less than 0.5% and amounts of growing season precipitation were generally small). Soil water meaTo compare kenaf results with a more commonly grown forage crop, corn (Pioneer Hybrid 34K77) was planted (39 770 surements were made at planting and at harvest at each of the sample sites using a neutron probe at soil depths of 15, seeds ha Ϫ1 ) adjacent to kenaf on 11 May 1999 and harvested on 15 Sept. 1999 at physiological maturity (black layer devel-45, 75, 105, 135, and 165 cm.
Plant height was recorded weekly as the average height of opment). Nitrogen was applied (56 kg N ha Ϫ1 ) as urea ammonium nitrate at planting. Chopped samples were ensiled for six plants surrounding each soil water measurement site. Forage samples were taken on 14 Aug. 1997, 12 Aug. 1998, and  124 d and then sent to the same commercial laboratory as used for the kenaf samples for forage quality analysis. 18 Aug. 1999 when plants in the fully irrigated plot had reached a height of about 135 cm. Plants from a 9.3-m 2 area were handharvested, leaving at least two nodes (a stem of 20 cm) for
RESULTS AND DISCUSSION
regrowth as suggested by Robinson (1993) . Samples were weighed, dried at 55ЊC to a constant weight, and weighed Precipitation during the first cutting period (early again to determine moisture content and DM yield. Samples
May to mid-August) was nearly the same in 1997 and were ground to pass a 1-mm screen and sent to a commercial 1998 and near the 37-yr average of 218 mm (Table 1) .
Precipitation was 57 mm above the 36-yr average during for forage analysis. Crude protein concentration was deterthe first cutting period in 1999. Precipitation during the mined by N combustion (Cuniff, 1995) ; NDF and ADF were determined by refluxing (kettle method, Undersander et al., second cutting period (mid-August to mid-October) was 1993); digestible protein (DP) was calculated by multiplying near the 37-yr average of 65 mm in 1997 and 45 mm CP by the digestible coefficient for alfalfa (Morrison, 1959) total water received ranged from 58 to 192 mm in 1997
Linear regressions were performed on all water use and and 20 to 167 mm in 1998. These differences in growing yield data collected in 1997 and 1998 to determine the production functions (DM yield vs. water use). The DM yield data season water availability caused large differences in from 1999 were not used in the determination of production plant height (Fig. 2) and DM yield (Fig. 3) , with both in 1997 (Fig. 3) . The DM yield response to water use . This DM yield production relationship compares with a relationship for dryland corn in northeastern Colorado of: kg ha Ϫ1 ϭ 22.4(mm Ϫ 129)
[2] ha Ϫ1 for every millimeter of water use after 129 mm of water use, with 218 mm of water use required to produce in 1998 was not strongly defined for either the first or 2000 kg ha Ϫ1 and 397 mm required to produce 6000 kg second cuttings although the DM yield produced for a ha Ϫ1 . If DM yield in relation to water use is the only given amount of water use in 1998 was in the range of productivity characteristic important to a producer, corn observed values from 1997. Combining the data for the appears to have the advantage over kenaf. 2 yr gave a DM yield increase of 16.6 kg ha Ϫ1 for every
Crude protein in the fresh-cut kenaf samples ranged millimeter of water use during the first cutting period from 163 to 279 g kg Ϫ1 (Fig. 4) . Crude protein declined and 11.3 kg ha Ϫ1 for every millimeter of water use during with increasing water application and water use in 1997 the second cutting period (Table 2) . Although the rate (Table 3 ). In 1997, CP was lower in the second cutting of increase in DM yield due to water use was lower for of fresh-cut kenaf than in the first cutting, as determined the second cutting, the amount of water required to by standard deviation bar overlap (Fig. 5 ). In 1998, CP produce 1000 kg ha Ϫ1 was much less (about 153 mm for was not different between cuttings. In 1997, first-cutting the first cutting and about 110 mm for the second cut-CP was lower in the silage samples than in the freshting). Taking the two cuttings together produced a DM cut samples and showed the same decline with increased yield production relationship of:
water application. As with the fresh-cut samples, CP in kg ha Ϫ1 ϭ 17.1(mm Ϫ .
When the 1997 and 1998 data were combined, CP decreased linearly with water use (Table 3) for both cuttings of fresh kenaf and first cutting of silage.
Neutral detergent fiber for the fresh-cut samples ranged from 229 to 401 g kg Ϫ1 (Fig. 4) , increasing with water use for the second cutting of fresh kenaf in 1997 and for the first cutting of kenaf silage in 1997 and 1998. Neutral detergent fiber was lower in the second cutting than in the first cutting in 1998 (Fig. 5) for both freshcut and silage samples, which ranged from 287 to 478 g kg
Ϫ1
. When the 1997 and 1998 data were combined, NDF increased linearly with water use for both cuttings of fresh kenaf and first cutting of silage.
Acid detergent fiber also increased with water use for both cuttings of fresh kenaf in 1997 and for the first cuttings of silage in 1997 and 1998 (Fig. 4 and Table 3 ). Acid detergent fiber in fresh-cut samples was lower in the second cutting than in the first cutting in 1998 ADF increased linearly with water for both cuttings of fresh kenaf and the first cutting of silage. Values for and Table 3 ). The first cutting of silage in 1998 declined in TDN with water use. Total digestible nutrients ranged the fresh-cut samples ranged from 168 to 310 g kg Ϫ1 and from 198 to 314 g kg Ϫ1 for silage samples. from 656 to 840 g kg Ϫ1 for the fresh-cut samples and from 665 to 731 g kg Ϫ1 for the silage samples. Digestible protein values were available for samples collected in 1998 (Fig. 4) . There was no consistent trend Relative feed value is an index used to categorize alfalfa hay in inventory management and for grading in DP in response to water use for either the fresh-cut or silage samples in either cutting. Values ranged from hay for buying and selling (Kuehn et al., 1999) . It has also been used with mixed legume/grass hay. Relative 101 to 154 g kg Ϫ1 for fresh-cut samples and from 85 to 121 g kg Ϫ1 for silage samples. For both fresh-cut and feed value combines the nutritional factors of digestibility and intake into a single value and is calculated from silage samples, DP was higher for first-cutting samples than for second-cutting samples (Fig. 5) .
values of NDF and ADF. Values greater than 151 are classified as prime dairy hay. While use of RFV to charBoth first and second cuttings of fresh cut kenaf in 1997 decreased in TDN with increasing water use (Fig. 4 acterize the nutritional value of kenaf must wait for studies correlating kenaf RFV with intake and animal ranged from 156 to 308 for fresh-cut samples and from 130 to 238 for silage samples. performance, the fact that kenaf has a similar NDF/ ADF ratio as alfalfa (1.2-1.6) suggests that the index Forage quality of kenaf relative to corn silage was compared with data collected in 1999. The hail storms may provide some understanding about the relative change in feed quality that occurs when kenaf is grown mentioned previously reduced stands in a nonuniform manner such that it was not possible to use the water under different available water conditions.
With the exception of the two highest water values use and yield data from 1999 with the 1997 and 1998 data for determination of the production function. The in the first-cutting silage samples in 1998, all kenaf samples had RFV values greater than 151 (Fig. 4) . Relative 1999 data did not show changes in forage quality characteristics with water use for either kenaf or corn, so data feed value generally declined with increasing water use and was significant for the second cutting of fresh kenaf were averaged over all 16 measurement sites. Crude protein, DP, and ADF were lower in corn than in kenaf in 1997 and for the first cutting of silage in 1997 and 1998. When the 1997 and 1998 data were combined, the (as determined by standard deviations, Fig. 6 ). Corn CP was 39% of the kenaf CP value. Corn DP was 28% of linear decrease in RFV with water use was significant for both cuttings of fresh kenaf and the first cutting of the kenaf DP value. Neutral detergent fiber was the same for both kenaf and corn, but corn ADF was 71% silage. Relative feed value was higher in second-cutting samples than in first-cutting samples for both fresh-cut of kenaf ADF. Corn TDN was 10% higher than kenaf TDN. and silage samples in 1998 (Fig. 5) . Relative feed value As stated earlier, corn produced more DM yield for a given amount of water use than kenaf. But an assessment of kenaf productivity relative to corn productivity needs to be made relative to production of CP. Using the first-and second-cutting production functions for kenaf (Table 2 ) and the production function for corn (Eq. [2]), DM yields of kenaf and corn were computed for water use values of 250, 350, and 450 mm (Fig. 7) , where two-thirds of the specified water use was assumed to be used to produce the first-cutting DM yield and one-third of the specified water use was assumed to be used to produce the second-cutting DM yield. This distribution of seasonal water use is similar to the average distribution of water use found in the present study. Estimated corn DM yield was 40 to 47% greater than that of kenaf. Applying the CP vs. water use regressions for first and second fresh-cut kenaf combined over 1997 and 1998 (whose slope values are given in Table 3 ) to the calculated kenaf DM yields and similarly applying depth (165 cm) by the time of the second cutting. From CP values obtained from the 1999 corn (85, 79, and 76 g planting to second cutting, soil water under kenaf dekg Ϫ1 for the 250-, 350-, and 450-mm water use situations) clined by 138 mm, by root extraction, evaporation, or to the calculated corn DM yields gave estimated CP gravitationally driven movement below the root zone. production that was 73 to 215% greater in kenaf than in corn (231-547 kg ha Ϫ1 in corn and 498-946 kg ha Ϫ1 in kenaf). When considered from a CP production viewpoint, kenaf is much more productive under a range of water use conditions than corn for silage.
One of the important pieces of information needed in assessing a new crop's fit into existing dryland crop rotations is the soil water extraction pattern/rooting depth of a crop. While root development and soil water extraction are variable from year to year (depending on soil water content at planting and growing season precipitation timing and amount), Fig. 8 illustrates the soil water extraction capacity of kenaf. The soil water data were taken from the rainfed (unirrigated) plots in 1998 (the driest of the 3 yr), in which only 20 mm of precipitation fell between the first cutting and the second cutting. These data show considerable soil water extraction from the surface down to 105 cm at the time cant soil water extraction at the lowest measurement a growing season, average DM yield would be about 4500 kg ha Ϫ1 . The production of kenaf DM yield for a given unit of water use is lower than DM yield production by corn silage, but because of the higher CP content of kenaf, production of CP for a given unit of water is estimated to be higher with kenaf than with corn silage. Other forage quality characteristics of kenaf are similar to corn silage. Kenaf stalks remaining after harvest present a sufficient SAI to effectively control wind erosion of soil and to aid in soil water recharge by snow catch during the noncrop period. Kenaf appears to be an agronomically viable alternative forage crop for the central Great Plains.
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